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1 
INTRODUCTION AND REVIEW OF LITERATURE 
Introduction 
In a review of the nutrition of intestinal helminths. 
Read (1966) noted that studies of absorption should attempt 
to ascertain the route as well as the mode by which potential 
nutrients such as glucose enter the body of the parasite. 
Ready Rothman and Simmons (1963), in an extensive study of 
the kinetics of amino acid absorption in the tapeworm 
Hymenolepis diminuta, have outlined and characterized the 
mechanisms by which parasites may acquire nutrients from their 
environment. These authors note that substances may enter 
the body of a parasite by simple diffusion, active transport, 
facilitated diffusion, or a combination of these processes 
operating simultaneously. Although there is a considerable 
body of information available on the mechanisms of nutrient 
absorption in cestodes (see review by Smyth, 1969), little 
data are available on the kinetic aspects of absorption in 
trematodes. This thesis concerns itself with the kinetic 
aspects of glucose absorption by the common frog lung fluke, 
Haematoloechus medioplexus. 
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Role of the Gut in Nutrient 
Absorption 
In trematodes, unlike cestodes or acanthocephalans, 
absorption may occur either through the gut or via the 
tegument. Haematoloechus medioplexus has a well developed 
digestive tract consisting of a subterminal mouth surrounded 
by a muscular oral sucker, a short esophagus, a muscular 
pharynx, and intestinal caeca lined with a single layer of 
cells, the caecal epithelium or the gastrodermis. Cytoplasmic 
processes extend from the surface of the gastrodermal cells 
into the lumen of the gut. Halton (1967b) investigated the 
nature of the food, mode of feeding, gut cell structure and 
digestive sequences in a selected number of digenetic tre­
matodes, including H. medioplexus. On the basis of histologi­
cal and histochemical observations, he concluded that this 
fluke was haematophagous, feeding on blood extracted from the 
capillaries of the frog's lung. Extracellular digestion be­
gins shortly after the ingestion of the blood meal, and the 
erythrocytes are rapidly hemolyzed. As digestion proceeds, 
a brown-black pigment (haematin) accumulates in the lumen of 
the gut. An intracellular phase of digestion may complete 
the degradation of the globin portionof the haemoglobin mole­
cule. According to Halton (1967b), gastrodermal cells may 
secrete a protease responsible for the extracellular phase of 
haemoglobin digestion. Simple soluble substances such as 
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glucose and amino acids may be absorbed from the blood as 
soon as it enters the gastric caeca. 
Recent ultrastructural studies of the gastrodermis of 
H. medioplexus by Dike (1967) and Davis, Bogitsh, and 
Nunnally (1968) have provided morphological evidence that the 
gut may play an important role in both secretion and absorp­
tion. The epithelial lining of the caeca consists of low 
columnar epithelial cells with lamelloid cytoplasmic processes 
projecting into the lumen of the gut. These processes form 
loops or superficial digestive vacuoles in which digestion 
can occur (Shannon and Bogitsh, 1969a). Such cytoplasmic 
processes, like the microvilli of vertebrate intestinal 
epithelial cells, may increase the surface area, thereby 
facilitating absorption of nutrients from the gut. The 
cytoplasm of the gastrodermal cell contains numerous cristate 
mitochondria, a well developed system of rough endoplasmic 
reticulum and Golgi complexes, indicative of a cell special­
ized for synthesis and export of secretory proteins. 
Histochemical and biochemical techniques have been em­
ployed by Several investigators to identify and localize 
specific enzymes in the digestive tract of H. medioplexus. 
The following enzymes have been identified: non-specific 
esterase (Halton, 1967b; Davis, Bogitsh, and Nunnally, 1969), 
arylsulfatase (Davis and Bogitsh, 1971a), and acid phosphatase 
(Halton, 1967b,c; Bogitsh and Davis, 1968; Davis, Bogitsh, 
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and Nunnally, 1968; Dike, 1969). 
Halton (1967c) suggested that acid phosphatases present 
in the gastrodermis of H. roedioplexus and other digenetic 
trematodes may function in a similar manner to the alkaline 
phosphatases present in tissues where active transport of 
metabolites is known to occur; that is, they may be in­
volved in the phosphorylative transport of glucose into the 
gastrodermal cell. However, as Read (1966) points out, the 
available evidence suggests that phosphorylation of sugars 
is not an event in absorption. Even though there is a corre­
lation between the distribution of phosphatases and absorp­
tion, the exact role that these enzymes play in the active 
transport of sugars remains to be determined. Recent studies 
(Bogitsh and Davis, 1968; Davis et al., 1968, and Dike, 1969) 
indicate that acid phosphatase is hydrolytic rather than 
phosphorylative in function and thus it may play a role in 
extracellular digestion. 
A generalized scheme of digestion and absorption has been 
outlined as follows by Davis and Bogitsh (1971b): Digestive 
enzymes secreted into the lumen of the gut initiate digestion. 
Higher molecular weight substances are further degraded at 
the membrane level or in superficial digestive vacuoles at 
the luminal surface. The lower molecular weight substances 
resulting from this stage of digestion are then absorbed by 
the gastrodermal cells. During starvation, H. medioplexus may 
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derive nutrients from autolysis of organelles in cytolyso-
somes through the action of arylsulfatase and the nonspecific 
esterase cathepsin. 
Shannon and Bogitsh (1969b) utilized histochemical and 
autoradiographic techniques to study iron absorption in 
H. medioplexus. Experiments with ligated and unligated 
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worms incubated vitro with Pe-labeled red blood cells 
indicated that ligated worms showed no uptake. On the other 
hand, unligated worms displayed labeling in the ingested red 
blood cells and in granules in the intestine. When both 
ligated and unligated worms were incubated ^  vitro in a solu-
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tion of FeClg, the label appeared in the tegument and sub-
tegument but not the intestine. Flukes recovered from frogs 
that had been administered radioactive iron intraperitoneally, 
showed labeling throughout the worm. The results suggested 
that the lung fluke is unable to utilize the iron in haemo­
globin for metabolic purposes. The iron utilized by the fluke 
is absorbed in ionic form and enters the lung fluke by dif­
fusion, via the tegument or the intestine. 
Haematoloechus medioplexus is capable of absorbing other 
inorganic ions. Belanger (1960) reported that this lung 
fluke will also absorb radiosulphate. Autoradiograms revealed 
that the labeled sulphate was localized subtegumentally at 
the level of the peripheral musculature. Burton (1963a) 
35 injected 11.8 of SO^ into the dorsal lymph sac of 
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female Rana pipiens. After an exposure period of 3 or 28 hr, 
frogs were sacrificed and lung flukes recovered were processed 
for autoradiography. Labeled sulphate was. localized in the 
parenchyma. Burton suggested that the labeled sulphate was 
probably ingested when the worms fed on the host's blood. 
Burton's autoradiographic studies (1963b) indicated that 
the amino acid tyrosine is absorbed by H. medioplexus both in 
vivo and dm vitro. Autoradiograms of flukes exposed to 
labeled tyrosine for periods up to 4 8 hr ^  vitro indicated 
that all tissues incorporated the amino acid. In vivo 
studies with tritiated tyrosine, however, indicated that the 
vitelline cells preferentially absorbed the labeled amino 
acid. Pappas (1971) combined autoradiographic and liquid 
scintillation counting techniques to study absorption of 
tritiated arginine vitro. The data clearly indicated that 
the tegument is impermeable to the amino acid and that the 
gut epithelium is functional in arginine absorption. 
Rothman (1968a) and Dike (1969) presented experimental 
evidence that the tegument and the gut may function in the 
absorption of high molecular weight materials (ferritin) as 
well as in the absorption of amino acids. 
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Role of the Tegument in Nutrient 
Absorption 
Until recent times, the body surface of trematodes was 
thought to be covered by a non-living "cuticle". Odlaug (1948) 
reviewed the earlier literature on the structure of the 
cuticle. Recent electron microscope studies (see review by 
Lee, 1966), however, indicate the body surface of trematodes 
is not covered by a non-living layer, but by an outer syn­
cytial layer connected by cytoplasmic processes to under­
lying tegumental cells. The term "tegument" was proposed by 
Threadgold (1963) to distinguish this dynamic surface from 
the non-living cuticle. An ultrastructural study of the 
tegument of Haematoloechus medioplexus by Burton (1964) pro­
vided morphological evidence that the tegument may function 
in absorption of nutrients. His micrographs indicate that the 
body surface consists of two layers, an outer layer termed 
the distal cytoplasm (=cuticle), and an inner layer, the 
perinuclear cytoplasm. The distal cytoplasm contains many 
mitochondria, and its outer surface is irregular, features 
suggesting that this layer may be involved in the acquisition 
of nutrients via pinocytosis or active transport processes. 
A recent EM study (Bogitsh, 1971) indicated the presence of 
Golgi complexes in the distal cytoplasm of H. medioplexus. 
Bogitsh (1972) reported the presence of sensory bulbs in the 
distal cytoplasm and junctional complexes associated with the 
plasma membranes of subtegvimental cells. 
Threadgold (1968) investigated the ultrastructure of the 
tegument of Haplometra cylindracea and noted that the 
general organization was similar to that reported for H. 
medioplexus, but that it contained more lipid droplets and 
mitochondria and was considerably thicker than the tegument, 
of the latter. 
Rothman and Elder (1970) utilized histochemical techniques 
to determine the chemical composition of the "epicuticle" of 
H. medioplexus and reported it to be composed of an acid 
mucosubstance. 
Several investigators have employed histochemical tech­
niques to identify and localize specific enzymes in the tegu­
ment. Halton (1957c) reported that acid and alkaline phos­
phatases were absent in the tegument of H. medioplexus. 
Rothman (196 8a) suggested the tegument contained an acid 
phosphatase, ATPase, and a non-specific esterase. In addi­
tion, he hypothesized the tegument might function in the 
transport of ferritin by a mechanism termed transmembranosis, 
in which no cytoplasmic membranes surround the colloidal 
particles. However, Rothman (196 8a) referred to unpublished 
results indicating that horseradish peroxidase was not 
absorbed by H. medioplexus. Lumsden, Threadgold, Oaks, and 
Arme (1970) re-evaluated the transmembranosis hypothesis and 
their data suggest that transmembranosis of colloids does not 
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occur. Peroxidases have been localized in the tegumental 
mitochondria of H. medioplexus according to Rothman (196 8b), 
and in H. cylindracea, as reported by Halton (1969). Bogitsh 
and Shannon (1970) reported the oxidation of 3,3'-diamino-
benzidine (DAB) in the mitochondria of H. medioplexus and 
noted this may be due to the presence of a functional 
cytochrome-cytochrome oxidase system, Wilmoth and Levitas 
(1945) indicated that Ostiolum sp. (=Haematoloechus) utilizes 
oxygen from the environment. Lactate dehydrogenase (LDH) 
has been isolated from tissue homogenates of H. medioplexus 
by Bayne, Hendricks, Beckerdite, and Harkema (1968). 
Bogitsh and Krupa (1971) localized nucleosidediphosphatase 
(NDPase) activity on the apical plasma membrane of the tegu­
ment of H. medioplexus using cytochemical techniques. They 
suggested that surfaces exhibiting NDPase activity are sites 
where molecular transport occurs. 
Several experimental investigations have provided 
indirect or direct evidence that the trematode tegument is in­
volved in the absorption of nutrients. Mansour (1959), em­
ploying ligated specimens of Fasciola hepatica ,. demonstrated 
transtegumental absorption of glucose. Thorsell, Appelgren, 
and Kippar (1968) combined autoradiographic, paper chromato­
graphic and electrophoretic techniques to study the distribu­
tion and metabolic fate of 2-^^C-glucose in F. hepatica after 
a 10 min vitro incubation. Their study indicated that 
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labeled glucose is rapidly converted to glycogen in the 
parenchymal cells. The labeled glucose may have been absorbed 
through the tegument. In addition, the incubation with 
14 2- c-glucose produced labeled compounds that chromato-
graphically resembled phosphorylated carbohydrates, lactate, 
citrate, and other intermediates of glucose metabolism. 
Isseroff and Read (1969) suggested that Fasciola hepatica 
absorbs sugars by mediated transport processes. Furthermore, 
they noted that amino acids entered the tegument of Fasciola 
hepatica and Fascioloides magna by diffusion. Preliminary 
experiments on Zygocotyle lunata suggested that the initial 
entry of amino acids occurs by diffusion in this species. 
Kurelec and Ehrlich (1963) demonstrated that transamination 
reactions were important in the transtegumental absorption of 
alanine in intact, ligated adult specimens of F. hepatica. 
However, Thorsell and BjOrkman (1965) suggested that the gut 
epithelium may play an important role in the absorption of 
amino acids. 
In a recent review. Arme and Walkey (1970) cite a 
personal communication of Halton reporting that ligated 
specimens of Diclidophora merlangi absorb glucose. Prelimi­
nary experiments by Arme and Halton (cited in Arme and 
Walkey, 1970) suggest that glucose absorption in this species 
may involve mediated transport processes. 
Nollen's autoradiographic study (196 8) clearly demon­
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strated glucose absorption via the tegument in Philophthalmus 
megaluris, whereas the amino acids leucine and tyrosine had 
been initially absorbed by the gut epithelium. Fripp (1967) 
suggested that the tegument was the primary site of glucose 
absorption in Schistosoma haematobium but noted that the gut 
may also function in amino acid absorption. Shannon and 
Bogitsh (1971) reported that Megalodiscus temperatus probably 
absorbs glucose and galactose by way of ingested food. Bhatti 
and Johnson (1971) observed the vitro uptake of glucose, 
tyrosine and leucine by the tegument of the holdfast organ of 
the strigeoid Alaria marcianae. Darkening and Johnson (1969) 
found that the absorption of glucose occurred via the tegu­
ment in Haematoloechus medioplexus and a Gorgoderina sp. 
Evidence is available suggesting that the tegument in H. 
medioplexus may be specialized for glucose absorption whereas 
the gut may function in amino acid absorption (Pappas, 1971). 
Glycogen Metabolism 
The most widely distributed reserve carbohydrate in 
parasites is undoubtedly glycogen (von Brand, 1966). Several 
investigators have published accounts of the distribution of 
glycogen in the body of Haematoloechus medioplexus. Wilmoth 
and Goldfischer (1945), employing histological and histo-
chemical techniques (Best's carmine method, Lugol's solution, 
and the Feulgen-Bauer reaction) to study glycogen distribution 
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in Ostiolum sp. (=Haematoloechus), reported deposits in 
muscle tissue, eggs, and parenchyma. The major sites of 
glycogen deposits within the body of a number of adult 
trematodes, including H. medioplexus, are the body musculature 
and the parenchyma, Axmann (1947). Burton {I960) and Halton 
(1967a) recorded a similar distribution of glycogen in this 
species. 
Burton (1962) combined histochemical and autoradiographic 
techniques to study vitro the uptake and fate of exogeneous 
ly supplied glucose by H, medioplexus. The general pattern 
of glycogen distribution was similar to that reported pre­
viously. Burton incubated worms in antibiotic saline with and 
without glucose for 50 hr. In the absence of exogenous 
glucose, the glycogen content in the tissues of the oral 
sucker, pharynx, and subcuticular parenchyma declined, where­
as in the presence of glucose, the glycogen stores were main­
tained. In autoradiographic studies, worms were incubated 
in vitro in antibiotic saline containing ^^C-glucose for 
periods of 12, 24, or 48 hr. Autoradiographs established 
that H. medioplexus was capable of utilizing exogenously 
supplied glucose and incorporating it into glycogen. Burton 
suggested that the labeled glucose might be absorbed via the 
tegument although he did not rule out ingestion of the fluid 
medium as a possible mode of entry. 
Churchill (1955) investigated the survival times of 
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H. medioplexus cultured vitro in different artificial 
media. Although none of the media tested proved adequate for 
the maintenance of the lung flukes, 10 out of 41 individuals 
lived for 12 days or longer in Ringer's solution over agar. 
Dawes and Muller (1957) reported that the glycogen deposits 
in Haplometra cylindracea were maintained at the vivo level 
of 1.5% wet weight for periods of 1 to 3 weeks when these 
lung flukes were cultured in Ringer's solution + glucose or 
in dextrose broth. Muller (1966) noted that the addition of 
glucose to saline culture solutions maintained the glycogen 
reserves in H. cylindracea but did not increase survival 
time. 
The glycogen content of a large number of trematodes, in­
cluding H. medioplexus, has been determined both qualitatively 
and quantitatively, and attempts have been made to relate the 
degree of emphasis on glycogen storage to the availability 
of oxygen in the parasitic habitat. Von Brand (1966) has 
demonstrated a correlation between large glycogen stores and 
life in an oxygen-poor habitat. On the basis of morphological 
observations only, Axmann (1947) was unable to detect a 
direct correlation between the amount of glycogen stored and 
oxygen availability in the parasitic habitat of schistosomes 
and other flukes. However, she emphasized that worm size 
was an important variable to consider when relating glycogen 
storage to oxygen availability. Larger worms should store 
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more glycogen than smaller worms occurring in the same oxygen-
deficient habitat. 
Odlaug (1955) quantitatively determined the glycogen 
content of some helminth parasites of frogs, including H. 
medioplexus. The percent glycogen to dry weight was deter­
mined to be 0.81 to 0.92 for the lung fluke. Odlaug's quanti­
tative data indicated a correlation between glycogen storage 
and oxygen availability in the parasitic habitat, since the 
lung flukes examined contained less glycogen than the tape­
worm Crepidobothrium saphena from the intestine. Halton 
(1967a) reached a similar conclusion based on both qualita­
tive and quantitative estimates of the glycogen content and 
distribution in 7 monogenetic and 8 digenetic species of tré­
ma todes. However, Halton noted that the lung flukes H. 
medioplexus and H. cylindracea may be an exception to this 
generalization since both species contain large quantities 
of stored glycogen. Such glycogen reserves may serve to off­
set any fluctuations in the nutritional status of the host. 
Read and Simmons (1963) have suggested that glycogen storage 
might be correlated with a requirement for carbohydrate for 
growth and reproduction rather than with the availability of 
oxygen in the parasitic habitat. 
The physiological status of the host may also affect the 
glycogen content of its parasite fauna. Bair (1954) investi­
gated host-parasite glycogen relationships in H. medioplexus 
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and reported no constant relationship between glycogen con­
tent of the lung fluke and the liver glycogen content of the 
frog. The glycogen content of the former was relatively 
constant (from 0.50% to 1.37% of wet weight) whereas liver 
glycogen content varied from 0.31% to 2.73%. Bair suggested 
that the lung fluke is capable of maintaining its glycogen 
stores independent of the amount of glycogen stored in the 
liver of its host. Shields (1963) also noted that H. medio-
plexus was capable of maintaining its glycogen stores inde­
pendent of the amount of glycogen stored in the liver of its 
host. In addition, the feeding regime as well as the tempera­
ture at which frogs were maintained affected the host's liver 
glycogen content, but the glycogen content of the lung fluke 
remained relatively constant. 
Seasonal variations in the glycogen content of Haplometra 
cylindracea and the liver of its host Rana temporaria have 
been reported by Muller (1966), the values being lowest in 
the spring. Shields (1963) reported that H. medioplexus 
recovered from January frogs contained more glycogen than 
lung flukes recovered from September frogs, suggesting that 
seasonal variations in glycogen content may also occur in 
this species. 
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MATERIALS AND METHODS 
Gravid, adult specimens of Haematoloechus medioplexus 
were obtained from naturally infected Rana pipiens that were 
purchased from commercial sources. After removal from the 
host, the parasites were rinsed in 3 changes of amphibian 
saline (0.7% NaCl). Worms of similar size were selected by 
examination through a dissecting microscope. Excessively 
large, small, or broken worms were discarded. The remaining 
worms were pooled in groups of 10 in order to minimize the 
variation caused by individual differences among worms re­
covered from different hosts. 
In experiments designed to study the uptake of D-glucose-
^^C(U) by Haematoloechus medioplexus, 10 worms were placed in 
fine-mesh (250) stainless-steel wire baskets (Bronskill, 1970) 
and incubated in 2.0 ml of a medium of the following composi­
tion: 0.137 M NaCl, 0.0085 M KCl, 0.0003 MCaClg, 0.005 M MgClg, 
and 0.067 M sodium phosphate buffer (Bueding, 1950). The 
incubations were carried out at room temperature and a pH of 
7.2. Unless otherwise indicated, at least 3 replicate incu­
bations were carried out under each set of experimental con­
ditions investigated. 
Following incubation, worms were rapidly removed from 
the labeled medium, rinsed with three 30 ml volumes of 
amphibian saline, blotted on filter paper, and placed in 
exactly 2.0 ml of 70% ethanol to extract the absorbed 
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14 C-glucose. The amount of glucose present in the worm ex­
tracts, as indicated by the amount of radioactivity present, 
was determined by liquid scintillation counting procedures. 
Counting was done in a Beckman LS-250 Liquid Scintillation 
Counter using an external standard. From each ethanol ex­
tract, a 0.5 ml aliquot was removed and mixed with 5.0 ml of 
absolute methanol and 10.0 ml of scintillation fluid composed 
of toluene, PPO (4g/liter), and POPOP (0.Ig/liter). Three 
0.5 ml aliquots of each ethanol extract were counted for 10 
minutes or to 5% accuracy and averaged. Glucose absorption 
was related to worm dry weight, obtained by heating the ethanol-
extracted worms to constant weight for 24 hr at 60°C. Data 
from liquid scintillation studies are reported as cpm/mg 
ethanol-extracted dry wt or in terms of umoles/g/hr. 
Ethanol-extracted, dried worms were placed in glass vials 
containing 1.0 ml of 30% KOH at 25°C and digested for 24 hr 
to determine the amount of labeled glucose absorbed and in­
corporated into glycogen and other ethanol-insoluble metabolic 
products. Three 0.1 ml aliquots of each KOH digest were 
placed in separate liquid scintillation vials, and the amount 
of radioactivity present was determined by the same liquid 
scintillation counting technique described above. 
The uniformly labeled ^^C-glucose used in this study 
were purchased from the New England Nuclear Company, Boston, 
Massachusetts. The labeled glucose was diluted to the desired 
18 
specific activity and molarity with unlabeled substrate. Only 
the D-isomers of the sugars were used. All other chemicals 
used were of analytical grade and were obtained from the Sigma 
Chemical Company, St. Louis, Missouri. 
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RESULTS AND DISCUSSION 
Host-Parasite Relationships 
Between September 1971 and March 1972, 393 male and 440 
female Rana pipiens obtained from commercial sources were 
examined for the lung fluke Haematoloechus medioplexus. The 
number of adult lung flukes recovered and the presence or 
absence of the lung nematode Rhabdias bufonis were noted and 
tabulated for each frog. Data were subjected to an analysis 
of variance to determine the effects of season (fall or 
winter), presence or absence of Rhabdias bufonis infections, 
and host sex on Haematoloechus medioplexus populations. For 
the purposes of this study, the fall season is defined as 
September through November and the winter season as December 
through February. 
Since the frog is a poikilothermic animal, many of its 
physiological processes may vary seasonally. Recent studies 
(Smith, 1950; Fromm and Johnson, 1955; Mizell, 1965; Jungreis, 
1970; Jungreis and Hooper, 1970) indicate seasonal variations 
in blood glucose concentrations, liver glycogen reserves, 
gonad weight, fat body size, oxygen consumption, serum amino 
acid and urea concentrations, and urea excretion. Seasonal 
changes occurring in the host may affect the parasite popu­
lation as well. Markov and Rogoza (1953), investigating 
seasonal differences in the helminth fauna of the grass frog, 
Rana temporaria, noted that the extent and intensity of 
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nematode infections remained relatively constant throughout 
the year; they were slightly higher in the summer, Markov 
and Rogoza (1949) reported that Haplometra cylindracea, Gorgo-
derina vitelliloba, Rhabdias bufonis, and other helminths 
were more frequent in male than in female Rana temporaria, 
except in the summer when the incidence was the same for both 
sexes. Markov (1955) clearly demonstrated that the mean num­
ber of H. cylindracea found in the lungs of Rana temporaria 
was reduced in the presence of Rhabdias bufonis infections. 
In addition, he noted that the degree of Haplometra cylin­
dracea infection was the same for both sexes, but that female 
frogs were more resistant to Rhabdias bufonis infections. 
Markov and Rogoza (1955) have also reported annual variations 
in the parasite fauna of Rana temporaria. Mollis (1972) dealt 
statistically with the effects of host sex on the seasonal 
incidence of Haematoloechus medioplexus in Rana pipiens. 
He reported that male frogs were more frequently parasitized 
than female frogs and noted that the number of infected 
female frogs varied significantly during the course of his 
study. Female frogs were more resistant to H. medioplexus 
infections during the breeding season. His data suggest 
that female gonadotropins may play a role in the seasonal 
incidence of this parasite. 
The influence of season and Rhabdias bufonis infections 
on H. medioplexus populations as determined by this study, is 
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presented in Table 1. Seasonal effects are clear and are 
reflected in the means, which are significantly (P<.0001) 
higher in the fall (5.0) than in the winter (1.4). Rhabdias 
bufonis infections significantly (P<.0001) reduce the mean 
number of H. medioplexus recovered from Rana pipiens, particu­
larly in the fall. The incidence of Rhabdias bufonis in­
fections appears to be the same for both seasons. In winter, 
the presence of nematodes also reduces the mean number of H. 
medioplexus recovered but not to the same degree as was 
observed in the fall. 
Table 1. Influence of Rhabdias bufonis infections and season 
on mean number of Haematoloechus medioplexus 
recovered from Rana pipiens 
Haematoloechus medioplexus recovered 
Season P^r Rana pipiens 
Rhabdias bufonis 
absent 
Rhabdias bufonis 
present 
Mean 
Fall 6.6 (203)^ 3.0 (163) 5.0 (366) 
Winter 1.6 (261) 1.1 (206) 1.4 (467) 
Mean 3.8 (464) 1.9 (369) 
dumber in ( ) is the number of Rana pipiens examined. 
The effects of host sex on the mean number of H. medio­
plexus recovered from Rana pipiens are presented in Table 2. 
Results indicate that the mean number of lung flukes recovered 
22 
from male or female frogs is not significantly different 
(P<.05). The data suggest that both sexes harbor more lung 
flukes during the fall than during winter. It appears that 
the degree of H. medioplexus infection is the same for both 
sexes. 
Table 2. Influence of host sex and season on number of 
Haematoloechus medioplexus recovered from Rana 
pipiens 
Season 
Sex of Rana pipiens 
Male Female 
Fall 4.7*(180)b 5.3 (186) 
Winter 1.6 (213) 1.2 (254) 
Mean 3.0 (393) 2.9 (440) 
dumber of H. medioplexus recovered. 
^Number in ( ) is the number of Rana pipiens examined. 
Table 3 summarizes effects of host sex, season, and 
Rhabdias bufonis infections on the intensity of H. medioplexus. 
These data indicate that female frogs on the average possess 
more lung flukes than do male frogs in the fall, either in the 
presence or absence of nematodes, but that the differences 
are not significant (P<.05). 
These results imply that there is a seasonal variation 
in the numbers of H. medioplexus recovered from Rana pipiens, 
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and that the presence of the nematode Rhabdias bufonis can 
be correlated with the seasonal decline in the extent of 
parasitism. These results substantiate the earlier observa­
tions of Krull (1931). 
Table 3. Influence of host sex, season (fall and winter), and 
Rhabdias bufonis infections on mean number of H. 
mediople'xus recovered from Ran a pipiens 
Rhabdias bufonis 
Male R. pipiens 
Female R. pipiens 
Fall 
Absent Present 
6.1^(109)^ 2.6 (74) 
7.3 (94) 3.2 (92) 
Winter 
Absent Present 
2.1 (125) 0.9 (88) 
1.2 (136) 1.2 (118) 
^Mean number of H. medioplexus recovered. 
^Number in ( ) is the number of Rana pipiens examined. 
Glucose Absorption as a Function 
of Time 
Gravid, specimens of Haematoloechus medioplexus were in­
cubated in groups of 10 at room temperature in 2 ml of 5 mM 
glucose-^^C (specific activity of 0.200 uCi/vmole) for 1, 3, 
5, or 7 min to determine the effect of incubation time on 
glucose absorption. Following incubation, worms were rinsed, 
blotted on filter paper, and placed in 2 ml of 70% ethanol to 
extract the absorbed glucose. To determine the amount of 
labeled glucose incorporated into glycogen and other ethanol-
insoluble metabolic products, the ethanol-extracted, dried 
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worms were placed in glass vials containing 1 ml of 30% KOH 
and digested for 24 hr. The radioactivity present in the 
ethanol extract and the KOH digest was assayed using a 
liquid scintillation counter. Data are expressed in terms 
of ymoles/g ethanol-extracted dry wt, and results are pre­
sented in Graph 1. Glucose uptake (absorption function of 
Graph 1) as evidenced by the amount of radioactivity in the 
ethanol extract, increased as a function of time for the first 
3 min of incubation. The increase in uptake from 5 to 7 min 
was not significant; the worms appeared to have equilibrated 
with the incubation medium within 5 min. The results suggest 
that a 5 min incubation period represents the point at which 
the rate of glucose absorption and becomes constant. 
Warren and Patrzek (1963), investigating the kinetics of 
fructose and galactose absorption by Schizotrypanum cruzi, 
suggested that this incubation period represents the point 
at which the system is saturated with substrate, and thus it 
may indicate the amount of time required for glucose to cross 
the tegument of H. medioplexus. At least 3 min were required 
before the intracellular glucose-^^C concentration reached 
steady-state conditions; that is, at this time and at longer 
incubation times, the amount of glucose-^^C which entered the 
cell was balanced by an equal amount lost through cellular 
metabolism. Glucose incorporation into ethanol-insoluble 
compounds within the worms was maximal within 1 min after 
Graph 1. Uptake and incorporation of glucose by Haematoloechus medioplexus 
as a function of time (each point is the mean of 3 determinations, 
uptake is expressed in terms of ymoles/g ethanol-extracted dry wt,, 
the incubation medium contained 5 mM glucose) 
2-
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and Incorp. 
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incubation (incorporation function in Graph 1). The amount of 
glucose incorporated into ethanol-insoluble compounds, most of 
which probably was glycogen, was similar for the 1 to 7 min 
incubation periods (Graph 1). Total glucose uptake (absorp­
tion + incorporation) reached a plateau after 3 min of incu­
bation. The proportion of total glucose uptake incorporated 
into ethanol-insoluble compounds by H. medioplexus, within any 
of the experimental time periods, averaged 28.2% of the total 
glucose absorbed. Therefore, a 5 min incubation period was 
used in subsequent experiments in this thesis. 
Burton (1962) , combining histochemical and autoradio­
graphic techniques, clearly demonstrated that H, medioplexus 
absorbed and incorporated glucose-^^C into glycogen during 
in vitro incubations of 12, 24, and 48 hr. In addition, he 
suggested that the tegument may function in glucose absorption 
in vitro. Barkening and Johnson (1969) , employing auto­
radiographic and liquid scintillation counting techniques, 
provided direct evidence that glucose absorption occurred 
via the tegument in H. medioplexus and a Gorgoderina sp. 
Autoradiographs of Epon sections of freeze-dried worms exposed 
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to glucose- H for 1, 2, 5, 15, and 30 min showed that the 
tegument absorbed glucose in all exposure periods but indica­
ted that no label appeared in the gut epithelium. Paraffin 
sections demonstrated that glucose was incorporated into gly­
cogen after a 15 min incubation period. These authors were un-
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unable to establish a correlation between the amount of glu­
cose absorbed (cpm/iig total protein) and incubation time. They 
stated that this may have been due to the worms being of 
different size, of varying age, and having been recovered 
from several hosts. However, a recent study (Bhatti and John­
son, 1971) on the vitro uptake of glucose, tyrosine, and 
leucine by Alaria marcianae demonstrated a positive corre­
lation between glucose absorption and incubation period when 
the worms used were of the same age and approximately the same 
size. 
The positive correlation found in this study between 
glucose absorption and incubation time may be a result of the 
larger number of worms tested and the fact that this method 
distinguishes between absorbed and assimilated glucose, whereas 
other liquid scintillation counting studies measured total 
tissue radioactivity only (Pappas, 1971). Murrell (1968), 
investigating the kinetics of glucose absorption in Taenia 
crassiceps larvae, reported that the rate of glucose absorption 
declined after 3 to 5 min of incubation and the rate fitted 
an absorption isotherm. I observed a similar pattern for 
H. medioplexus. 
Isseroff and Read (1968), investigating the effect of 
insulin on glucose absorption in Fasciola hepatica, reported 
that the liver fluke absorbed approximately 4 ;imoles of 
glucose/g dry wt when incubated for 1 min in a medium con­
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taining 6 mM glucose. For comparative purposes only, H. 
medioplexus absorbed 1.2 pmoles of glucose/g dry wt when 
incubated for 1 min in a medium containing 5 mM glucose. 
As Kilejian (1970) points out, a "steady-state" pool of 
a metabolite is attained when the influx of the metabolite 
into the pool is balanced by efflux from the pool, thereby 
maintaining a constant concentration of the metabolite. 
Furthermore, if at the steady state, the concentration of the 
metabolite is higher in the pool than in the surrounding medium, 
the metabolite must have been accumulated against a concen­
tration gradient by an active transport process. In addition, 
to consider a transport system as active, it must be demon­
strated that the pool is not compartmentali zed and that the 
parasite utilizes metabolic energy for the transport process. 
In facilitated diffusion, the concentration of the metabolite 
in the pool is the same as that in the surrounding medium at 
the steady state. Since it appeared that H. medioplexus had 
equilibrated with the medium after a 5 min incubation in 5 mM 
glucose, calculations were made to determine the size of the 
glucose pool at the steady state (Kilejian, 1966a,b; 1970). 
The ratio of wet wt:dry wt of H. medioplexus is 100 : 17.5 
(Smyth, 1966). Assuming a similar ratio of dry wt ; ethanol-
extractGc". dry wt for H. medioplexus as determined for 
Hymenolepis diminuta by Read, Rothman, and Simmons (1963), 
the ratio of wet v/t : dry wt : ethanol-extracted dry wt is 
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ICQ : 17.5 : 13.4. The M moles of glucose/g worm H^O = vimoles/g 
82 5 
ethanol-extracted dry wt x ^ . After a 5 min incubation in 
a 5 mM glucose medium, H.medioplexus absorbed 1.91 pmoles 
glucor.e/y ethanol-extracted dry wt. After making the approp­
riate calculations, the concentration of glucose in worm R^O 
was 11.75 mM, a value exceeding that in the external medium 
by a factor of 2.35. However, as Haynes (1970) points out, 
this value tends to underestimate the total internal concen­
tration because no consideration was given to the amount of 
glucose present in the worm prior to incubation or to the 
amount of glucose lost through the metabolic processes of the 
worm. Thus, it would appear that H. medioplexus can absorb 
glucose against a concentration gradient by active transport, 
but further experimental confirmation of these results would 
be desirable. Recently, Arme and Coates (1971) demonstrated 
that the cysticercoid larvae of Hymenolepis diminuta con­
centrate the amino acid a-amino-isobutyric acid (AIB) against 
a concentration gradient, which suggests that the amino acid 
is actively transported. 
Irreversibility of Glucose 
Absorption 
In experiments designed to determine if glucose absorption 
was irreversible, gravid adults of H. medioplexus recovered 
from naturally infected Rana pipiens were pooled and then 
divided into a control and an experimental group. All of the 
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worms were incubated at room temperature in 2 ml of incubation 
media containing 5 mM glucose (specific activity of 0.100 
uCi/ymole) for 5 min. Following incubation, the 10 worms in 
the control group were rinsed with three 30 ml volumes of 
amphibian saline (0.7% NaCl), blotted on filter paper, and 
placed directly into 2 ml of 70% ethanol to extract the 
absorbed glucose. After the incubation period, worms in the 
experimental group were placed in a glucose-free saline medium 
for an additional 2 min before being rinsed, blotted, and ex­
tracted in 70% ethanol. Results are presented in Table 4. 
Table 4. Irreversibility of glucose absorption^ 
Group Glucose absorption 
(cpm/mg ethanol-extracted dry wt) 
Control 290.5^ 
280.1 
272.8 
Av. 2 81.1 
Experimental 266.7 
262.5 
264.2 
Av. 264.5 
All worms were incubated in 5 mM glucose- C for 5 min. 
Experimental group incubated an additional 2 min in a glucose 
free medium. 
^Results are the means of 3 counts of the ethanol extract. 
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The data suggest that glucose absorption is essentially 
irreversible after H. medioplexus is incubated for 5 min in 
5 mM glucose. 
Phifer (1960b), studying the kinetics of glucose 
absorption by the tapeworm Hymenolepis diminuta, observed no 
significant loss of glucose from worms that had been incubated 
for 60 sec in 2 mM glucose and then post-incubated for an 
additional 60 sec in a glucose-free medium. He suggested that 
this evidence supports the view that the worms can transport 
and retain glucose even against an unfavorable concentration 
gradient. Similarly, Read, Simmons, and Rothman (1960), 
studying the kinetics of amino acid absorption in the tape­
worm Calliobothrium verticillatum, noted that leucine absorp­
tion was irreversible when worms were first incubated for 2 
min in 6 mM leucine and then post-incubated in an amino acid 
free medium for an additional 2 min. 
Effect of lodoacetate on 
Glucose Absorption 
In experiments designed to determine the effect of the 
metabolic inhibitor iodacetate on glucose absorption, gravid 
adult specimens of H. medioplexus were pooled into groups of 
10 worms. The experimental group was pre-incubated for 30 min 
in 2 ml of 1 mM iodoacetate at room temperature. After pre­
incubation, worms were rinsed with three 30 ml volumes of 
amphibian saline, (0.7% NaCl), blotted on filter paper, and 
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incubated for 5 min in 2 ml of an incubation media containing 
0.5 mM glucose (specific activity of 1.0 yCi/ymole) + 1 mM 
iodoacetate. The control group was pre-incubated for 30 min 
in amphibian saline, and then incubated in 2 ml of 0.5 mM 
14 glucose- C (specific activity of 1.0 vCi/ ymole) for 5 min 
at room temperature. Data were converted to pmoles glucose 
absorbed/g ethanol-extracted dry wt/hr. Results are pre­
sented in Table 5. 
Table 5. Effect of iodoacetate on uptake of glucose in a 5 
min incubation 
Group Glucose Uptake^ % Inhibition 
(ymoles/g/hr) 
Control 3.83 (3)^ 
38 
Experimental 2,38 (2) 
(+ iodoacetate)^ 
^Glucose uptake refers to glucose extracted by 70% 
ethanol. 
^Number in ( ) is number of replicates. 
lodoacetate concentration was 1 mM. 
The data presented in Table 5 clearly indicate that 
iodoacetic acid inhibited glucose absorption by Haematoloechus 
medioplexus when worms were pre-incubated in the inhibitor 
for 30 min prior to incubation in the labeled medium. Re­
sults obtained in this study extend the observations of Pappas 
(1971) on the inhibitory effects of iodoacetate on arginine 
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absorption by H. medioplexus. He reported that 1 itiM iodo-
acetate effectively inhibited amino acid absorption only when 
the worms were pre-incubated in the inhibitor for 5 min. 
Phifer (1960a,b,c) presented convincing evidence that 
glucose absorption in Hymenolepis diminuta occurs by an active 
process. His data demonstrated that iodoacetate inhibited 
glucose absorption in both short interval and long term experi­
ments, but noted that a pre-incubation period was necessary 
to demonstrate the inhibitory effects when tapeworms were in­
cubated for 60 sec in glucose. In addition, iodoacetate has 
been shown to be an effective inhibitor of thiamine (Pappas 
and Read, 1972) and methionine (Read, Rothman, and Simmons, 
1963) absorption in this species. Similarly, iodoacetate in­
hibits glucose (Fisher and Read, 1971) and leucine (Read, 
Simmons, and Rothman, 1960) uptake in Calliobothrium verti-
cillatum. 
It would appear that iodoacetate inhibits nutrient 
absorption only if the parasites were pre-incubated in the 
inhibitor prior to incubation in the labeled medium. As 
Pappas and Read (1972) suggest, the inhibitory effect of iodo­
acetate may represent a generalized effect on parasite meta­
bolism, since this compound is known to inhibit sulfhydryl 
containing enzymes that are involved in energy production. 
Furthermore, it implies that sulfhydryl groups per se may not 
be involved in the transport process. The demonstration of an 
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inhibitory effect of iodoacetate on glucose absorption in 
Haematoloechus medioplexus suggests that at low substrate con­
centrations, glucose does not enter simply by diffusion. 
Kinetics of Glucose 
Absorption 
Velocity vs. substrate concentration 
There are few reports in the literature that deal 
directly with the kinetic aspects of glucose absorption in 
trematodes. Isseroff and Read (1969) suggested that mono­
saccharides are absorbed by a mediated process in the sheep 
liver fluke Fasciola hepatica. Unpublished observations 
by Arme and Halton (cited in Arme and Walkey, 1970) indicated 
that mediated processes may be involved in glucose absorption 
by Diclidophora merlangi. 
Numerous investigations on active transport have demon­
strated that the relationship between uptake rate and sub­
strate concentration can be adequately described by the 
Michaelis-Menten equation of enzyme kinetics. To study the 
effect of substrate concentration on the velocity of glucose 
absorption by Haematoloechus medioplexus, 10 worms were placed 
in fine-mesh stainless steel wire baskets and incubated for 
5 min in 2 ml of a medium containing 1-2 yCi glucose-^^C(U) 
at room temperature and a pH of 7.2. Following incubation, 
worms were rinsed, blotted on filter paper, and placed in 2 
ml of 70% ethanol to extract the absorbed glucose. Standards 
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were prepared by diluting samples of the incubation medium 
with 70% ethanol, and data from these were used to calculate 
the amount of glucose absorbed expressed by ymoles/g ethanol-
extracted dry wt/hr. Each point is the mean of 3-5 determina­
tions, using 10 worms per group. The glucose concentrations 
used were: 0.5, 1.0, 2.5, 5.0, 10.0, 20,0, and 40.0 mM. 
The data presented in Table 6 and Graph 2 indicate that 
there is an apparent plateau in the rate of glucose absorption 
when the velocity of uptake is plotted against substrate 
concentration in the range of 0.5 to 5.0 mM. At concentrations 
Table 6. Glucose uptake as a function of substrate concentra­
tion 
Glucose Concentration Glucose Uptake 
(mM) (ymoles/g ethanol extracted dry wt/hr) 
40.0 329.89 + 14.85^(4)^ 
20.0 135.92 + 27.92 (5) 
10.0 61.64 + 3.16 (5) 
5.0 18.67 + 5.66 (3) 
2.5 11.99 + 1.28 (3) 
1.0 5.18 + 0.34 (3) 
0.5 3.83 + 0.63 (3) 
^Value + S.E. of the mean; glucose uptake refers to glu­
cose extracted by 70% ethanol. 
^Number in ( ) is the number of replicates. 
above 5 mM, the rate of glucose absorption increases linearly 
with an increase in substrate concentration. The slope of the 
line at high substrate concentrations (10 to 40 mM) was 
Graph 2. Rate of glucose uptake as a function of substrate concentration 
in a 5 min incubation (each point is the mean of 3-5 replicates, 
V=ymoles/g ethanol-extracted dry wt/hr) 
300-
_ 200 
I 
E 100 
2 3 4 5 
GLUCOSE CONCENTRATION (mM) 
39 
9 ymoles/g ethanol-extracted dry wt/hr/mM. Branch (1970) 
suggested that the sharp inflexion point indicates that a 
transport system had become saturated and that any increase 
in the rate of absorption at substrate concentrations above 
the inflexion can be attributed to diffusion. The data 
suggest there are 2 components involved in glucose absorption 
by H. medioplexus. At low substrate concentrations, glucose 
is absorbed by a mediated process masked at high substrate 
concentrations by the large diffusion component. 
Warren and Kitzman (1963), investigating the kinetics of 
galactose absorption by Schizotrypanum cruzi, reported that 
this sugar is actively transported at low substrate concentra­
tions, but a diffusion component is evident at high substrate 
concentrations. Manjra and Dusanic (1972) demonstrated that 
Trypanosoma lewisi absorbs the amino acid arginine by a 
mediated process at low substrate concentrations, whereas at 
high substrate concentrations entry occurs primarily by dif­
fusion. Southworth and Read (1972) noted that active trans­
port and diffusion function in the absorption of the amino 
acids (leucine and lysine) by Trypanosoma gambiense. The 
tapeworm Hymenolepis diminuta absorbs acetate (Arme and Read, 
1968), uracil (Maclnnis, Fisher, and Read, 1965) and thiamine 
(Pappas and Read, 1972) by diffusion and active transport. 
The kinetics of glucose absorption in the concentration 
range 0.5 to 5.0 mM (in which an apparent plateau was observed) 
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were analyzed by the method of Lineweaver and Burk (1934), 
in which the reciprocal of the velocity is plotted against 
the reciprocal of the substrate concentration. The line of 
best fit was calculated by the method of least squares, and 
the slope of the line determined as 0.115978. Results are 
presented in Graph 3 and Table 7. The maximum velocity 
(V^ax^ was calculated from the intercept on the y axis (.043) 
and is 2 3.04 ymoles/g ethanol-extracted dry wt/hr. The trans­
port constant (K^) is the substrate concentration at which the 
velocity of uptake is one half its maximum velocity, and is 
analogous to the of an enzymic reaction (Read, Rothman and 
Simmons, 1963). The was determined as 2.67 mM by the 
graphic method of Dixon (1953). 
Table 7. The inhibition of glucose uptake by galactose 
Glucose Glucose Uptake 
Concentration Glucose alone Glucose + galactose (10 mM) 
(ymoles/g ethanol-extracted dry wt/hr) 
0.5 mM 3.83 + 0.63^(4)^ 1.42 + 0.26 (3) 
1.0 mM 5.18 + 0.34 (5) 3.07 + 0.33 (3) 
2.5 mM 11.99 + 1.28 (5) 5.79 + 0.29 (2) 
5.0 mM 18.67 + 5.66 (3) 7.42 + 1.01 (3) 
^alue + S.E. of the mean; glucose uptake refers to 
glucose extracted by 70% ethanol. 
^Number in ( ) is the number of replicates. 
Graph 3. Conpetitive inhibition of glucose absorption by 10 mM galactose in a 
5 min incubation (lines of best fit calculated by the method of least 
squares; points are means of 2-5 replicates, V=wmoles/g ethanol-extracted 
dry wt/hr; S=mM concentration of glucose, curve A=glucose alone; curve 
B=glucose + 10 mM galactose) 
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Effect of galactose on glucose absorption 
Read (1961) demonstrated that galactose competitively 
inhibited glucose absorption by the tapeworm Hymenolepis 
diminuta. , To study the effect of galactose on the uptake 
of glucose by H. medioplexus, the velocity of glucose 
absorption at various concentrations was determined in the 
presence of 10 mM galactose. The glucose concentrations 
tested were: 0.5, 1.0, 2.5, and 5.0 mM. Uptake rates are 
expressed in terms of ymoles/g ethanol-extracted dry wt/hr. 
Each point is the mean of 3 replicates. The incubation 
period was 5 min, and the same procedure was used as outlined 
previously. The data were plotted following the method of 
Lineweaver and Burk (1934). The line of best fit was deter­
mined by the method of least squares and the K., and 
ITlâX u 
slope calculated. The inhibitor constant was determined 
using the Lineweaver and Burk form of the equation for 
competitive inhibition. The results are presented in Table 
7 and Graph 3. 
The close proximity of the intercepts of the uninhibited 
(A) and inhibited (B) curves indicates that galactose com­
petitively inhibits glucose absorption in H. medioplexus. 
The slope, y intercept, and of the inhibited curve are 
0.320310, 0.046, and 6.90 mM. The for galactose was 
determined to be 5.68 mM. 
The kinetics of glucose absorption by Hymenolepis 
44 
diminuta have been extensively studied by Phifer (1960a,b,c) 
and Read (1961), Phifer (1960a) determined the in short 
interval and extended time experiments and reported values of 
1.53 mM and 1.65 mM, respectively. Read (1961) reported a 
value for glucose of 1.6 mM, and a value for galactose 
of 5.1 mM when worms were incubated in labeled galactose. In 
addition, he reported values of 5.0 to 5.5 mM for the 
of galactose. Webster (1972) recently reported that glucose 
is absorbed from the protonephridial canals of the tapeworm 
Hymenolepis diminuta. Glucose absorption was inhibited by 
phloridzin which suggested that uptake involves a carrier type 
of system. Galactose (4.4 mM) failed to inhibit glucose 
absorption, but he suggested that higher inhibitor concentra­
tions might have decreased the uptake rate. 
Murrell (1968), investigating the kinetics of glucose 
absorption in a larval cestode Taenia crassiceps, demonstrated 
that glucose absorption occurred by a mediated process. 
Galactose (10 mM) inhibited glucose absorption, and the 
was calculated as 1.8 mM. The reported for glucose was 
0.86 mM. 
Results obtained in this study suggest that at low sub­
strate concentrations glucose absorption occurs via a mediated 
process, whereas at high concentrations, glucose uptake occurs 
by diffusion. In the substrate range 0.5 to 5.0 mM, galactose 
competitively inhibited glucose absorption. The value 
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determined for galactose is in close agreement with the value 
reported by Read (1961) for the cestode, Hymenolepis diminuta. 
Estimation of the diffusion component 
Since galactose appeared to competitively inhibit glur 
cose absorption by Haematoloechus medioplexus f the effects of 
increasing galactose concentrations on glucose absorption were 
determined to distinguish between the contribution made by 
(1) active transport and (2) diffusion at intermediate sub­
strate concentrations (see Read, 1966). To estimate the 
diffusion component, the velocity of glucose absorption from a 
solution containing 2.5 mM glucose-^^C absorption was deter­
mined in the presence of increasing concentrations of the 
inhibitor. Results are presented in Graph 4 which is a plot 
of velocity vs. inhibitor concentration. The galactose con­
centrations employed were; 1.25, 2.5, 5, 10, and 20 mM. Up­
take rates are expressed in terms of ymoles/g ethanol-
extracted dry wt/hr. Each point is the mean of 2 replicates 
except at 0 mM and 1.25 mM galactose concentrations which are 
the means of 4 and 7 replicates, respectively. The incubation 
period was 5 min, and the same procedure was used as outlined 
earlier. 
Data in Graph 4 or in Table 8 indicate that increasing the 
galactose concentration does not completely inhibit the absorp­
tion of glucose from the solution containing 2.5 mM glucose-
by H. medioplexus in a 5 min incubation. This suggests 
that a portion of glucose absorption cannot be inhibited by 
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Table 8. Effect of increasing galactose concentrations on the 
uptake of glucose in a 5 min incubation by H. medio-
plexus 
Inhibitor Concentration Glucose Uptake 
(pmoles/g ethanol-extracted dry wt/hr) 
12.97 + 0.08b(4)C 
9.40 + 2.48 (7) 
8.97 + 0.12 (2) 
6.85 + 1.91 (2) 
5.79 + 0.29 (2) 
6.06 + 0.34 (2) 
^Glucose concentration was 2.5 mM in incubation medium. 
^Rate + S.E. of the mean; glucose uptake refers to 
glucose extracted by 70% ethanol. 
^Number in ( ) is the number of replicates. 
the highest concentration tested (20 mM); the uninhibited 
amount of absorption represents entry by diffusion. Results 
are consistent with the interpretation that glucose absorption 
by Haematoloechus medioplexus involves a diffusion and an 
active transport component. At low substrate concentrations, 
active transport would play a major role in the acquisition 
of glucose, whereas at high substrate concentrations the chief 
mode of entry would be via diffusion. This interpretation is 
consistent with the results obtained on nutrient absorption 
in Hymenolepis diminuta, where it has been demonstrated that 
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Graph 4. Effect of increasing galactose concentration on absorption of 2,5 
mM glucose in a 5 min incubation (amount of absorption which could 
not be inhibited by the highest concentrations of galactose is con­
sidered to be entry by diffusion, points are the means of duplicate 
samples, except at 0 and 1.25 mM which are the means of 4 and 7 
replicates, V=wmoles/g ethanol-extracted dry wt/hr) 
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Graph 5. Effect of temperature on absorption of 1 mM 
glucose by Haematoloechus medioplexus in a 5 
min incubation (K = dpm/mg ethanol-extracted 
dry wt, T = absolute temperature in degrees 
Kelvin, each point is the mean of 2 determina­
tions) 
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purines and pyrimidines (Maclnnis, Fisher, and Read, 1965), 
acetate (Arme and Read, 1968), and thiamine (Pappas and 
Read, 1972) are absorbed by a mediated process at low 
substrate concentrations amd by diffusion at high concen­
trations. 
Effect of Temperature on 
Glucose Absorption 
To determine the effect of temperature on glucose 
absorption, by Haematoloechus medioplexus, worms were incu­
bated for 5 min in 2 ml of incubation media containing 1 mM 
glucose-^^C (specific activity of 1.0 yCi/umole) at 5, 15, 
or 25°C. Results in Table 9 are based on 2 experiments at 
each temperature, using 10 worms per group for each experi­
ment. Rates of uptake are expressed in terms of dpm/mg 
ethanol-extracted dry wt. The Q^Q values are based on the 
differences between mean rates of glucose absorption at each 
temperature. 
Table 9. Effect of temperature on the absorption of glucose 
by H. medioplexus in a 5 min incubation 
Temperature Mean Rate Temperature Range 
(°C) (dpm/mg) (°C) 
5 326.3^ 
15 508.8 5-15 1.56 
25 929.2 15-25 1.83 
^Each value is the mean of 2 determinations. 
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Graph 5 is an Arrhenius plot of the same data. K is 
the uptake rate expressed in dpm/mg ethanol-extracted dry 
wt, and T is the absolute temperature in degrees Kelvin. 
The slope of the line was calculated to be -5.2. Points were 
selected from the line of best fit, and the temperature 
characteristic y, was calculated to be 11,000 calories. 
The data indicate that within the temperature range 
studied (5-25°C), the rate of glucose absorption by Haemato-
loechus medioplexus increases as the temperature rises. In 
the temperature range approximating that of room temperature 
(15-25°C), the relative rate of increase was greater than at 
lower temperatures. Churchill (1955) noted that H. medio­
plexus died when incubated for 4 hr at 37°C. The temperature 
coefficient or value indicates the number of times the 
rate of a biological process such as glucose absorption is 
increased by a 10°C rise in temperature. However, temperature 
studies per se are not sufficient to determine whether or not 
a substance is absorbed by simple diffusion or a mediated 
process (active transport or facilitated diffusion). Addition­
al experimental evidence is required to definitely establish 
that a nutrient is actively absorbed. In general, if a sub­
stance is actively transported, the rate of entry should be 
doubled or tripled by a 10°C rise in temperature. Giese 
(1968), however, reported that the value for the rate of 
sugar diffusion is 1.37. 
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Phi fer (1960a) investigated the effect of incubation 
temperature on glucose absorption by the tapeworm Hymenolepis 
diminuta in both short interval and extended time experi­
ments. In short interval experiments, worms were incubated 
for 60 sec in 5 mM glucose , and the amount of glucose 
entering the worms was determined by ethanol extraction at 
the termination of the incubation period. In the temperature 
range 7-17°C, Phifer reported a value of 2.43, whereas 
between 17-27°C, the value was 3.59. An Arrhenius plot of 
the data from short interval experiments revealed that the 
temperature characteristic p was 22,800 calories. Data 
collected from extended time experiments corroborate the 
results from short interval experiments. Fisher and Read 
(19 71), investigating the kinetics of glucose absorption 
by the tapeworm Calliobothrium verticillatum, noted that the 
rate of glucose absorption increased with temperature to a 
maximum at about 20°C but declined at temperatures above 30®C. 
In addition, they noted that the temperature optimum for glu­
cose absorption was lower than the temperature optimum for 
glucose incorporation into glycogen. 
It is apparent that the values obtained in this 
study are higher than the Q^Q values one would expect if glu­
cose entered the worm simply by diffusion, but they are also 
lower than the values one would expect if the carbohydrate 
was actively absorbed. The intermediate nature of the 
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values suggests that glucose absorption in Haematoloechus 
medioplexus occurs by a combination of diffusion and active 
transport even at low substrate concentrations. This 
interpretation is consistent with data presented earlier. 
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SUMMARY AND CONCLUSIONS 
Studies on selected aspects of glucose absorption and 
incorporation into glycogen and other ethanol-insoluble 
compounds by the lung fluke Haematoloechus medioplexus 
recovered from Rana pipiens were conducted ^  vitro. 
D-glucose-^^C(U) was used as a tracer in all experiments 
to measure glucose absorption and incorporation. 
Gravid H. medioplexus were incubated in 5 mM glucose 
at room temperature for 1-7 min to determine the amount of 
labeled glucose absorbed by the body. Absorption in­
creased as a function of time for the first 3 min of incu­
bation. H. medioplexus appears to equilibrate with the 
incubation medium within 5 min after which time the worm 
apparently concentrates glucose against a concentration 
gradient. The amount of glucose incorporated into 
ethanol-insoluble compounds, most of which probably were 
glycogen, was similar within the 1 to 7 min incubation 
periods. 
Glucose absorption is essentially irreversible after 
worms have been incubated for 5 min in 5 mM glucose 
and placed in a glucose-free medium for an additional 
2 min. 
The metabolic inhibitor iodoacetic acid (1 mM) decreased 
the rate of glucose absorption from an incubation medium 
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containing 0.5 mM glucose when worms were preincubated for 
30 min in inhibitor prior to a 5 min incubation in the 
labeled medium. This suggests that at low substrate con­
centrations, glucose does not enter the worm simply by 
diffusion. 
5. Studies on the effects of substrate concentration on the 
rate of glucose absorption in a 5 min incubation were 
conducted. Data indicate an apparent plateau in the 
rate of glucose absorption when the velocity of 
absorption is plotted against substrate concentration 
in the range of 0.5 to 5.0 mM. At concentrations above 
5.0 mM/ the rate of glucose absorption increases linearly 
with an increase in substrate concentration. Data 
suggest that 2 components are involved in glucose absorp­
tion by H. medioplexus. At low substrate concentrations, 
(0.5-5.0 mM) glucose is absorbed by a mediated process 
masked at high substrate concentrations (10-40 mM) by a 
large diffusion component. 
6. The kinetics of glucose absorption in a 5 min incubation 
over the concentration range of 0.5 to 5.0 mM were 
analyzed by the double reciprocal plot of Lineweaver and 
Burk (1934). The estimated and were 23.04 
ymoles/g ethanol-extracted dry wt/hr and 2.67 mM 
(graphic method of Dixon, 1953). Galactose appears to 
competitively inhibit glucose absorption in a 5 min 
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incubation in the substrate range of 0.5 to 5.0 mM. The 
apparent is 5.68 mM. 
Increasing the galactose concentration does not com­
pletely inhibit the absorption of glucose from a 2.5 mM 
glucose solution in a 5 min incubation. The amount of 
glucose absorption not inhibited by the highest concen­
tration of galactose tested (20 mM) probably represents 
entry by diffusion. 
Studies on the effects of temperature on the rate of 
glucose absorption from 1 mM glucose solution were con­
ducted. Within the temperature range studied (5-25°C), 
glucose absorption increased with a corresponding increase 
in temperature. The temperature characteristic y was 
calculated to be 11,000 calories from an Arrhenius plot 
of the data. In the temperature range 5-15°C, the 
value was calculated as 1.56 whereas between 15-25°C, 
the value was 1.83. The intermediate nature of the 
values suggests that glucose absorption involves two 
components, mediated transport and diffusion. 
Examination of more than 960 naturally infected Ran a 
pipiens during this study indicated a seasonal variation 
in the numbers of H. medioplexus, more being present 
during the fall than during the winter. Although female 
frogs harbor more adult worms than do male frogs in the 
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fall, whether or not the lung nematode Rhabdias 
bufonis is present, such differences are not 
significant. 
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